Calculus 1 Unit 3 worksheet: The power rule and basic differentiation rules
(answer key)

ANSWERS AT A GLANCE

1. (a) 15&314 (b) _61'8 (C) 20t4 — 2t (d) 2$5 — 10.’1} 4, (a) 79, fOI‘w 7§ 0 (b) éﬁ, fOI' z > O (C) _3:1:,3/2, fOI‘ > O
(e)122% — 212 +z -1 (D3v22® (g)3u'—3u (h) T3 2
6x% + 16z — 3 @ fﬂ,foranéo
21 2 2 —
2 @z A0 0)gadt = —fora 0 © 5 (@) f(z) = g:c2/3 - 13—033—1/3 — —5(;’%2) for 2 0 (b)
—ﬁ, forz 0  (d) gmw, forz >0 (e)3+ % - i_g f'(8) =5and f'(—1) = 5 (c) = = 2 (d) f'(0) does not exist:

the quotient h*? — 5h /3 decreases without bound as h —

forz #£0 .
0" and grows without bound as h — 0.

3. a=-3andb= -4

WORKED SOLUTIONS

1. Find each derivative with the power, constant multiple, sum and constant rules. For a function writteny = . ..

. dy
, glve —=.
8 dx
@y =z? by = —2af

3

d 2

— [4t° — ¢? =2 _5g2
(© dt[ } dy 3 5z° + 8

1 _ 3 2
©y =32 —Tab + Za® — w412 hy=v2z"+7

hy= (22— 3)(z+4)

d [0.6u° — 1.5u?]

(9 Tu

ANSWER
(@) 152  (b) —62® (c)20t* —2t (d)22° — 10z (e)122® — 21z’ +z—-1 (D3vV222 (g
3u* —3u  (h)62% + 162 — 3

SOLUTION
(a) The exponent comes down and drops by one: 15z14.

2 2
(b) The constant multiple rule keeps — B 928 = —628.

(c) The variable is t: 4 - 5t* — 2t = 20t* — 2t.3

(d) %6 = gmﬁ, so its derivative is 1 . 62° = 22°; then —5 - 2z = —10z, and the constant 8 gives 0: 2z° —
10z.

(e) Term by term: 3 - 423 = 1223, —7 - 322 = —2122, % -2z = z, —1, and 0 for the constant: 12z° —

21z% + ¢ — 1.

(f) v/2 is a constant multiple, and 72 is a constant with no z in it, so its derivative is 0: 3v/2 z2.

(g) The variable is u: 0.6 - 5u* — 1.5 - 2u = 3u* — 3u.

(h) The rules cover sums, not products, so expand first: (22> — 3)(z + 4) = 223 + 82% — 3z — 12. Term by
term, % = 6z2 + 16z — 3.

. . . . d .
2. Rewrite each function as a sum of constant multiples of powers of z, then find d_y Say for which z your
x

answer holds.

- — (b) y = Va? _ 1
@y -3 ©y 172
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dy = x>z 32 —22+5

ey 72
ANSWER
(a) L2 forz 20 (b) ga:_3/5 — 2 forzr #0 (c) — forz 20 (d) §:c3/2 forz >0 (e)
10 0 e el 2"
3—}—; = g,forl'%o
SOLUTION
(a)y = 7;3*3, SO Z_y =7- (—3).’B =z 4= fOI‘l‘ 7§ 0.
z

() y = 2%/, deﬁned for every real x because fifth roots of negative numbers exist. The power rule gives
2

2
gm‘3/ v = 5 \/_ , for z # 0. At 0 the exponent 5 is between 0 and 1, so there is no derivative there (a
cusp).
. . 1 dy 1 _3 1
(c) The 4 is not raised to the power: y = -2 %,s0 — = = - (—2)m = ———,forz #0.
. 4 dx 223
5
(@) 22/x = 2% - /2 = £5/2 g0 % = §w3/2. The function is defined only for > 0, and at 0 there is no
room to the left, so the answer holds for z > 0.
. . . d
(e) The bottom is a single power of z, so split term by term: for z # 0,y = 3z — 2z~ + 52~2. Then d—y =
x
2 10
3+2x2— 1023 —3+ — — —,forz # 0.
x
3. The curve y = ax® + bz?, where a and b are constants, has slope —17 at z = 1 and slope -52 at z = 2. Find a
and b.
ANSWER
a=-3and b= —4
SOLUTION
dy
Differentiate term by term, treating a and b as constant multiples: T = 3az? + 2bz. At x = 1 the slope is
X
3a + 2b,and at z = 2 itis 12a + 4b:
3a + 2b = —17, 12a + 4b = —52.
Twice the first equation is 6a + 4b = —34. Subtract it from the second: 6a = —52 — (—34) = —18,s0a =
—3.Then2b=—-17—-3-(—3) = —8,s0b = —4.
4. Lucas rewrites each function as a power of  and then uses the power rule, but each line has one mistake. Find
the mistake, and give the correct derivative and the z for which it holds.
d |5 5
@ & H ~ 2
d 2
(b) Va3 = 2?3, 50 — [Va3] = Zg71/3
dx 3
6 d | 6
¢)— =622 s0 — | —| = —3z!/2
@7z =0 da [\/E] ¢
1 . df1 L
(d)2—$3 =2z ,SO@ |:2—$3 = —6x
ANSWER
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(a) — form;éO(b) \/_fOI‘.’II>0(C) —3z3/2, forz > 0(d) — 3 o, forz # 0
SOLUTION
(a) He differentiated the bottom and left the 5 on top; there is no rule for a quotient like that. Rewrite
5 10
first: — = 522, so the derivative is 5 - (—2)z* = ——, for z # 0.
T L
(b) He swapped the parts of the exponent. The power inside the root goes on top and the index of the root
3 3
on the bottom: v/z3 = z3/2. The derivative is §$l/ — 5\/5, for z > 0 (the function needs z > 0, with no

room to the left of 0).

o 1 3 1 e e .
(c) The rewrite is right, but the exponent must drop by one: —5 1=- 3’ not + 7 The derivative is 6 -

1
(—5) z73/2 = —3273/2 forx > 0.

.. . . . 1 1 .1
(d) The 2 is in the bottom, so it stays a divisor: 53 = 5:{:‘3, not 2z 3. The derivative is 5 (=3)z* =

3
—forz # 0.
5. Let f(z) = 2%% — 52/3, which is defined for every real = because cube roots of negative numbers exist.
(a) Find f'(z) for = # 0, and write it as a single fraction.
(b) Find f'(8) and f'(—1).
(c) Find every « at which f'(z) =
(d) Use the difference quotient at 0 to decide whether f'(0) exists.
ANSWER
5 223 _ 10 43 _ 5(z—2) /
(a)f(m)— 3 :Tfora:;éO(b)f(S)—Sandf( 1) =5(c)z =2(d) f'(0) does
not exist: the quotient h2/3 — 5h~1/3 decreases without bound as ~ — 0 and grows without bound as
h—0".
SOLUTION
(a) The power rule on each term (rational exponents, as the lesson states the rule) and the constant
multiple rule:
(x) 5 2/3 5. szl/i’) — §$2/3 _ E$*1/3.
3 3 3
S 13 2/3 -1/3
Factor out gm ,usingx”/>* =x - :
(b)%:z,sof'(s):%:af — 1,50 f/(~1) = E ‘I’; 5.
(c) A fraction is 0 when its top is 0 and its bottom is not: x — 2 = 0, so x = 2. (At z = 0 the formula is
undefined, not zero.)
(d) Since f(0) =
FO+R) = FO) _BB-SRS oy 5
h B h - Vh'
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. . 5 .
As h — 0 the first term tends to 0. As k — 0+, VA is a small positive number, so — % decreases without

bound; as h — 0~ it is a small negative number, so the term grows without bound. The quotient has no
limit, so f/(0) does not exist (the graph has a cusp at the origin).
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